Development of quantitative suspension tests from 1970 onwards
==============================================================

When I started my career at the National Institute of Health in the Netherlands in 1966 my task was research and assessment of antimicrobial agents, i.e. antibiotics and disinfectants. Quantitative testing of disinfectants was initiated in our laboratory to evaluate new disinfectant products under the Pesticide Act, published in 1963. Our Standard Suspension Test (SST) was based on the so called 5-5-5 test, introduced by Mossel for the rapid evaluation of disinfectants intended for use in food processing plants \[[@R1]\].

At that time a variety of test methods was in use in the different countries, most of them qualitative (end point) tests. That was the reason why in 1970 and 1972 the first and second International Colloquium about the Evaluation of Disinfectants In Europe were organized in Hamburg \[[@R2]\], \[[@R3]\]. My memory of the latter meeting - organized by the European Committee under the auspices of the Rudolf Schülke Foundation - is still vivid since there I met for the first time the colleagues that played a major role in the harmonization efforts to come.

The necessity of harmonization was illustrated by Reybrouck, who compared the four main suspension tests in use at that time, i.e. the qualitative use-dilution test of the A.O.A.C. (USA), the qualitative suspension test of the German Society for Hygiene and Microbiology, the quantitative Dutch Standard Suspension Test and a qualitative capacity test ('Kelsey-Sikes test') in use in the United Kingdom. The main conclusion from this comparison was that the methods differ to such an extent that 'there is no way of establishing a comparison between the results of the four methods with a view of setting up a conversion table. Each disinfectant testing technique has its own characteristics \[[@R4]\].

In the mean time the French Normalization Institute (AFNOR) had adopted the principle of quantitative testing \[[@R5]\]. Moreover Reybrouck and Werner, on behalf of the European Committee, expressed their preference for a quantitative suspension test on the basis of their comparative studies and the experience in France and the Netherlands \[[@R6]\].

An important issue was and still is the repeatability and reproducibility of these tests. That is why we carried out, in the mid seventies, a collaborative study with the SST in which 10 laboratories participated, including the laboratories of 5 major manufacturers of disinfectants: Akzo Chemie, Benckiser, Th. Goldschmidt, Schülke & Mayr and Unilever Research. The results indicated that within the range of measurable M.E. (microbicidal effect) values many replications are necessary to obtain a manageable precision, and that improvement could probably be obtained by a more rigorous standardization of the method \[[@R7]\].

A logical further step in this respect was the decision taken during a meeting of the extended European Committee in Mainz \[[@R8]\] to carry out an international collaborative study with the objective to arrive at an internationally accepted quantitative suspension test (QST); the results were published in 1979 \[[@R9]\]. However, this test procedure never reached the status of internationally accepted QST, since the European Committee stopped its activities in 1978.

A further opportunity on the track to European harmonization occurred by the initiative from the Netherlands to organize a collaborative study within the framework of the Council of Europe, again with the objective to design a reference method acceptable for all member countries. A more standardized version of the SST was used in this ring trial, in which again 10 laboratories participated. The results were not much better than our first collaborative study with the SST. A survey carried out after completion of the study revealed that a major source of variation was probably the way the use dilutions of the disinfectants were prepared; so in consultation with a selection of international experts the method was redrafted and more rigorously standardized and finally published as the European Suspension Test (EST) under the auspices of the Council of Europe in 1987 \[[@R10]\]. Strictly the method was only intended for disinfectants in the food industry, but was potentially also useful for the medical and veterinary sector.

Development of carrier tests
============================

From the start of designing suspension tests it was generally recognized that exposing micro-organisms in suspension to an excess of disinfectants is far from the situation in real practice and of limited value in predicting the effectiveness of these products under practical conditions. For this reason many laboratory procedures have been developed mimicking the latter conditions.These methods have in common that the test organisms are dried on a carrier - usually glass, tiles or stainless steel -- and subsequently exposed to a small volume of the disinfectant; after exposure the surviving germs are recovered and counted by standard plate counting procedures. One of the main differences between these methods is the way of recovery of the germs from the carriers e.g. by rinsing, swabbing or impression. In 1977 Borneff and co-workers published a series of articles on this subject in the Zbl. Bakt. Hyg., among others a comprehensive literature survey \[[@R11]\].

In our view the, at that time, preferred German impression method with Rodac plates was more laborious and less reliable than the rinsing technique as described in the Dutch quantitative carrier test (QCT) \[[@R12]\]. The latter technique was also preferred by Reybrouck after extensive comparative testing \[[@R13]\]. He showed that the differences between the various methods - with regard to carrier types, inoculum preparation, organic load, exposure times, recovery procedure and interpretation criteria - may result in significant differences in the outcome (reduction factors) of the test.

A major breakthrough: The CEN/TC 216 experience
===============================================

In spite of all the aforementioned efforts no harmonization or mutual acceptance of the different national test methods was reached and manufacturers, wanting to register their products in the different European countries, were faced with high costs for efficacy testing according to each national requirement.

Early in 1989 I was asked by representatives of our government and the Dutch Normalisation Institute to give my view on a proposal by the European Committee for Standardization (CEN) to start a TC on disinfectant testing. The initiative for this project was taken by the British Standardization Institute (BSI) in September 1988, through application of a Form A (CEN N 676) asking to start standardization work on disinfectants for agricultural, veterinary, food and industrial applications, followed by additional proposals of AFNOR and SNV to include antiseptics and medical applications.

On 18 September 1989 a meeting took place in Brussels of an ad hoc group on disinfectants and antiseptics, in which CEN and the normalisation institutes of the UK, France, Germany and Switzerland participated. During that meeting it was decided to create a TC entitled 'Chemical Disinfectants and Antiseptics', and the secretariats of the TC and its working groups (medical, veterinary and food/industrial respectively) were allocated. In the same month a European symposium took place in Fougères (Fr.) under the auspices of the French ministries covering those fields, where representatives of many countries summarized and discussed the different national test methods and regulatory procedures \[[@R14]\].

In the mean time I had warmly subscribed to the CEN initiatives and was asked to represent the government/National Institute of Health of the Netherlands at the first and founding meeting of the new TC 216, on 25/26 April 1990.

During that first meeting Prof. Reber was chosen unanimously as chairman. One of the resolutions of this first meeting pertained to the scope being: 'Standardization of the terminology, requirements, test methods including potential efficacy under in use conditions, recommendations for use and labelling in the whole field of chemical disinfectants and antiseptics'. The aim was to design a set of test methods that should be adopted on a European level, taking into account the experience in this field obtained in the past decades in the different countries of the European Community.

TC 216 embarked on a programme comprising respectively so called phase 1 tests, i.e. preliminary suspension tests to verify whether a product deserves the qualification 'disinfectant', phase 2 tests covering suspension tests under a variety of test conditions (step 1) and tests on surfaces that mimic practical conditions (step 2). We decided to abstain from designing tests under real practical conditions (phase 3 tests), since these conditions may vary considerably and are hard to standardize. Close to practice however are the tests for hygienic and surgical hand disinfection that were developed based on the methodology designed by Rotter and co-workers in Vienna in the 1970-ies \[[@R15]\].

From the start the committee adopted the principle of quantitative testing for all phases. In numerous sessions of the different working groups the details of the draft methods were discussed. Although the process was time consuming due to the differences in the underlying national methods and traditions, steady progress was made thanks to a general willingness to reach consensus and the feeling that we couldn't afford spoiling this historical opportunity to reach harmonization in this field. So over the years agreement was reached on suspension tests with bacteria, mycobacteria, fungi, bacterial spores and viruses for medical, veterinary and institutional applications, for clean and dirty conditions. They are published as CEN Standards, implying that national regulatory bodies have to accept them in their registration procedures.

Development of a European surface test
--------------------------------------

In 1991 an expert group from CEN/TC216 -- so called Surface Test Group (STG), that I was privileged to chair, was asked to develop a well standardized European surface test method. After lengthy discussions we concluded that the primary goal of such a test should be to obtain quantitative information about the efficacy (killing potential) of disinfectants on bacteria attached to hard surfaces, keeping in mind that information about killing of bacteria that are dispensed in a disinfectant solution, is obtained in the suspension tests, usually carried out prior to surface testing.

In 1993 the first draft of a 'basic' surface test was designed. Small circular stainless steel surfaces (2 cm diameter) were chosen as carriers, as proposed by Dr. Sally Bloomfield (UK). The first results obtained in a collaborative study with this draft European surface test were published in 1995 \[[@R16]\]. Subsequently the principles of this methodology were used by the different WG's to design their own surface tests, among others a particular variant for instrument disinfectants.

Other special Task Groups
-------------------------

The principle of creating task groups of experts for developing a basic methodology for a particular field appeared to be fruitful and was also applied for test procedures with mycobacteria, spores and viruses; those groups -- respectively chaired by Dr. Orefici (It.), Dr. Böhm (Ge.) and Dr. Thraenhart (Ge.) -- reported to the so called Horizontal Working Group (HWG). Once accepted the other WG's (medical, veterinary, institutional) were supposed to adopt and include these principles in their own test methods that could be modified for special purposes with regard to test strains, contact times, interfering substances etc.

Main points of discussion
-------------------------

It goes without saying that this brief history doesn't allow presentation or discussion of technical details. In retrospect the main issues of discussion were and still are

(*i*) the reliability, i.e. the repeatability and reproducibility of the tests,

(*ii*) the relevance of the different suspension- and carrier tests with regard to finding the proper concentrations for practical use,

(*iii*) the relation between the different tests with respect to minimum requirements for the respective fields of application.

Ad (*i*): The first topic was approached by organizing ring trials with the different CEN Standards. The first one, so called Andistand project with the basic (phase 1) suspension test, was for a me a special scientific and social experience, with frequent meetings in Paris where we discussed the results of the ring trial with the statistician; main contributors were Dr. Andrée Cremieux and Dr. Hans-Joachim Rödger.

The findings indicated that the reproducibility and repeatability of the test were similar to our earlier findings with the Dutch SST; the implication is that to obtain a reasonable precision the test has to be repeated many times, for instance to get a 90% probability that the 'real' M.E. value will not differ more than 1 log from the measured M.E. value, the test has to be repeated about 8 times.

Similar findings were obtained in a second major ring trial project (leaders Drs. Rödger and Gebel) with tests for instrument disinfectants. Obviously a requirement to repeat each test many times will render disinfectant testing for manufacturers unacceptably expensive. A reasonable compromise still has to be decided upon.

I want to emphasize that the organization and design of these ring tests was relatively difficult and time consuming and required a lot of idealism form the participants, in particular while funding was usually limited.

Ad (*ii*): The second topic is as old as disinfectant testing itself. Although it is generally recognized that suspension tests are relatively simple tests in which contact between micro-organisms and disinfectant is optimal and far away from practical conditions, use dilutions are often based on the concentrations that pass such a test; the usual requirement is that these concentrations should induce at least 5 log reduction within a rather short exposure time (often 5 minutes). For instance in the Netherlands suspension tests are still the only mandatory tests in official regulatory procedures.

The surface tests developed by TC 216 are 'tougher' tests than suspension tests. Experience thus far indicate that concentrations/dilutions that pass the phase 2/step 1 (suspension) tests will induce a significantly lower kill (2-4 log reduction or even lower) in phase 2/step 2 (surface) tests. So much higher concentrations are needed in surface tests to obtain a similar reduction as in suspension tests. Concern has been expressed about increasing the in use concentrations to levels that are unnecessarily high; especially requirements for surfaces that are thoroughly cleaned before disinfection might be significantly lower than the 4 or 5 log reduction that is now required in the CEN phase 2/step 2 standards \[[@R17]\].

Ad (*iii*): This topic follows from the former. Probably the most important question is which collection of tests is required for the different label claims of disinfectant products. Therefore a special task group of TC 216 has drafted an 'Application of Standards' standard; the final version that is now in progress will become a proper guideline describing the relationship between the standards and the minimum required spectrum of activity for different applications \[[@R18]\].

From European to global harmonization
=====================================

At the turn of the century, while CEN TC 216 slowly but steadily moved to its harvest season and Dr. Graziella Orefici had taken over the chair from Prof. Reber, another organization took the initiative to explore the possibilities of a transatlantic harmonization of disinfectant testing, i.e. the Working Group on Pesticides of the OECD (Organization for Economic Cooperation and Development) within the context of its Biocides Programme. The objectives of this programme are: the development of guidance for efficacy testing and assessment and work towards harmonization of pass/fail criteria. This initiative coincided with a growing interest of the United States and Canada for the European quantitative approach of disinfectant testing and their growing criticism on the qualitative methods of the A.O.A.C.

To exchange views a Workshop was organized in April 2002 in Washington, with about 100 experts participating from research institutes, regulatory agencies and industry. With several colleagues from TC 216 I had the pleasure to be in the organizing committee of that workshop that focused on efficacy issues of antimicrobial biocides used on hard surfaces, porous surfaces or in water and materials treated with such biocides \[[@R19]\].

One of the items where consensus appeared to exist was the principle of quantitative testing of surface disinfectants under circumstances simulating practice. At present further initiatives are taken to compare the European Standards with the quantitative surface test developed in Canada (Dr. Satar).

Final remarks
=============

Since 1970 we have witnessed in Europe an evolution from a huge variety of national test methods to a mutual exchange of views and collaboration that has resulted in general accepted European Standards for disinfectant testing. I feel privileged that I could contribute in this European harmonization process as delegate for the Netherlands. The Dutch are well known for their polder mentality, i.e. their preference for reconciliation of opposite views by reason. In this respect I really enjoyed the 13 years as a member of TC 216 and a variety of its working groups. In numerous meetings and social gatherings in so many interesting places - from Berlin to Paris, from London to Rome from Helsinki to Vienna and from Brussels to Zürich - national and traditional differences and controversies were discussed and solved.

Most important for me were not the details of the different methods but the open and honest discussions with so many colleagues, of which some became good friends.

When I left TC 216 in October 2003 (due to retirement) I realized that its task was not yet finished and that the next generation has to consolidate and to extend what we have reached so far. Some colleagues have expressed concern about this future. I'm less pessimistic since nobody, neither manufacturers nor regulating authorities, can ignore the scientific knowledge that is condensed in these European Standards.
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Dr. B. van Klingeren has been working as a microbiologist at the National Institute of Health and the Environment in The Netherlands (RIVM) from 1966 till his retirement in 2003.

For many years he was involved in research and assessment of new antibiotics and disinfectants. From 1990 till 2003 he represented the Dutch government in CEN/TC 216 'Disinfectants and Antiseptics' and was a member of several working groups of this Technical Committee; moreover he was chairman of the Dutch Norm Committee on disinfectant testing, i.e. the national mirror group of TC 216, in that period.

He has published several studies on the repeatability and reproducibility of quantitative suspension tests and a quantitative carrier test for the evaluation of disinfectants.
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